Determination of Ammonia and Urea in Urine and of Urea in Blood by Use of an Ammonia-Selective Electrode Joseph Georges
I propose a simple, quick method for measuring ammonia in urine and urea in plasma and urine. An ammonia-selective electrode is used, set up on a microcell, which allows use of small sample volumes. Ammonia is measured directly after partial conversion of ammonium ions to NH3. Urea is measured after its hydrolysis by urease. With urine, the two procedures can be carried out successively in the same cell and on the same sample without changing the procedural conditions. Linear electrode response and accuracy have been checked for concentrations in the expected (normal) range.
Measurement
of ammonia and urea in biological samples is routine during renal-function tests. Ammonia is the product of deamination of amino acids, mainly of glutamine by glutaminase (EC 3.5.1.2); in the kidney, it is a key element for maintenance of the normal acid-base balance. Urea is the final product of protein metabolism.
Like ammonia, it is excreted in the urine. Thus, both these substances are important in physiopathology. They are often determined calorimetrically
-ammonia, by hydrochloric acid after its diffusion into boric acid solution. This procedure is lengthy and requires great care, and it is not very accurate, because much ammonia is produced from the proteins (2, 3) and the amino acids (4, 5) during the long alkalinization of the sample.
-urea, by diacetylmonoxime, the yellow derivative formed being monitored spectrophotometrically. The color reaction is photosensitive, not entirely specific, and does not conform to Beer's law except at low concentrations. Nevertheless, good results can be achieved when the method is automated. During recent years, numerous potentiometric methods have been put forward. In some the ammonium-selective electrode is used (6) (7) (8) ; in others, the ammonia-selective electrode (9) (10) (11) (12) (13) (14) , which is more specific. A potentiometric gas sensor has also been studied, the "air gap electrode" (15) (16) (17) ; in this, the hydrophobic membrane used in gas electrodes is replaced by an air gap, which separates the electrolyte layer from the sample solution.
All these electrodes allow direct measurement of NH4+ or NH:t and, indirectly, of urea after its hydrolysis by urease (EC 3.5.1.5).
In our work, we use a classical ammonia-selective electrode with a hydrophobic membrane. The electrode is fixed onto a micro-cell in such a way that its active end is placed above the solution to be analyzed, in a gas-tight measuring chamber. This arrangement has the following advantages: -it offers the possibility of using small sample volumes NH2-CO-NH2 +3 H20 2 NH4 + HCO3-+ OH- (1) Thus the pH can change when urea concentrations are high. An increase of pH as a result of the formation of OH would result in an increase in the percentage of ainmonium ions transformed into ammonia, and also in the electrode response slope. We achieved good results with the buffer described above.
The measurements were done as follow8: 200 iL of the sample is added to 200 iL of the buffer. After calibration, 
Results and Discussion
The electrode response should always become stable in less than 5 mm; if longer, the electrode evidently is not in good condition-a perforated membrane, or an electrode acci- Figure 2 . The two curves are parallel (slope = 58 mV per log unit) and the vertical distance between them has an average value of 17 mV (the theoretical value from equation 1 would be 58 log 2, or 17.4 mV). This corresponds to a yield of 98% for the enzyme reaction.
Results obtained for plasma and urine samples are shown in Tables 1 and 2, as I conclude that the method proposed seems worthwhile for successive measurement of ammonia and urea in urine and for plasma urea in relatively short times and with a minimum of instrumental cost. The method (electrode position in the cell, pH used) has two important advantages:
no pollution of the electrode membrane and very limited interference. The method, which we purposely limited to the measurement of ammonia and urea, could equally well be applied to measurement of other metabolites that on hydrolysis by enzymes give rise to ammonia (e.g., creatinine).
